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ABSTRACT

The demand for transmission bandwidth is growing at a rate faster than Moore’s Law (i.e., >59% per year), driven
primarily by Internet traffic, which is increasing at over 200% per year. Fiber deployments are exhausting in 3-10 years,
verses the 25-year plan. Network providers cannot afford to continuously deploy new optical fiber in these time frames due
to the expense and service disruption. They need a flexible, long-term infrastructure capable of servicing their customers
growing bandwidth demand that offers the lowest cost per bit transmitted. To this end, transmission system vendors have
developed dense wavelength division multiplexed (DWDM) systems for high capacity optical networking. These systems
are typically optimized for transmission in the 1550 nm region of conventional single mode fiber (SMF) or newer non-zero
dispersion shifted fiber (NZDF) such as OFS TrueWave®-RS optical fiber.

The introduction of NZDF optical fibers such as TrueWave®-RS optical fiber in long-haul communications networks has
increased their capacity by broadening the transmission path to allow for better high speed and DWDM transmission in both
the C and L bands of erbium-dope fiber amplifiers compared to conventional SMF. This capacity increase has resulted from
further reducing the dispersion and dispersion slope of the 1550 nm band and, as a result, further reducing the need for costly
dispersion compensation in transmission over long distances. Such a fiber offers the benefit of extending cable usable life,
lowering network element and transport costs, and increasing the profits and revenue generating ability of network
owner/operators. The Blue Tiger Advantage DWDM jumpers have been designed, however, as a complement to any long-

haul cable system, (whether SMF or NZDF) making available a robust end-to-end solution to help network operators fully

achieve the superior performance and economic benefits of their optical fiber paths.

BENDING LOSSES

DWDM, SONET, SDH and Cable TV distribution applications are all moving toward longer wavelengths to take full
advantage of the extended spectral capabilities of erbium-doped fiber amplifiers. Indeed, out-of-band signaling and testing of
links has moved toward 1625-1650 nm. These wavelengths are more susceptible to bend-induce losses than 1310 nm signals.
Bend-induced losses are most serious problems in the areas of the network where handling and routing of the fiber paths
occur, that is, the termination splice and fiber distribution locations.

As indicated in Figure 1, the measured bend performance of a typical fiber used for Blue Tiger Advantage DWDM
jumpers demonstrates the low bend-sensitivity at long wavelengths. These are results of bend-induced loss for a single turn
of fiber at the radius indicated. The measured loss of the Blue Tiger Advantage DWDM jumper fiber is well below the
Telcordia (formerly Bellcore) Generic Requirements for Optical Fiber and Cable GR-20-CORE Issue 2 specified limit of 0.5
dB for I turn at 16 mm radius and 1550 nm wavelength. Indeed, the loss at 1625 nm was found to be well below this limit
even to bends as tight as 10 mm radius.
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Figure 1. Measured bend performance of fiber used for Blue Tiger Jumpers compared to
standard, non-OFS Jumpers.

Intermittent or incremental long term loss when unintentional bending occurs adds cost to the system operation in three
different ways. First, signal loss and BER hits occur on a single wavelength or channel due to the bending loss as a result of
handling of the fiber or adjacent fibers. Second, there can be entire system traffic loss on DWDM systems in the C&L bands
when amplifier equalization fails to adequately or efficiently correct the bend loss. And third, there can be additional
OAM&P expense locating and resolving these intermittent alarms.

Typical allowable loss variation over the DWDM spectrum is limited to less than 0.5 dB. Otherwise, costly variable gain
flattening filters must be used to equalize the signal for optimum transmission throughout the path. Figure 2 illustrates the
spectral variation of the bend-induced loss over the wavelength band of interest for DWDM transmission in the C and L
bands of EDFAs. As can be seen, standard non-OFS jumpers have significant loss variation over the DWDM bands, while
the Blue Tiger Advantage DWDM jumpers have minimal loss variation even for bends as small as 10 mm radius. With ultra-
long haul distances emerging as the transmission systems for use with optical switching, control of this type of loss source
becomes all the more important. In ultra-long haul systems, transmission capacity is increasingly moving toward longer
wavelengths were bend-induced losses are more pronounced. Also, the opportunity for bend-induced losses to affect your
system increases due to the number of added optical jumpers along the path because of in-line amplification and optical
switching.
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Figure 2. Spectral loss variation of fiber used for Blue Tiger Jumpers compared to
standard, non-OFS Jumpers for a 10 mm radius bend.

While typical manufacturers’ specifications call for a minimum bend radius of ~40 mm, in practice situations arise where
the jumpers are inadvertently crimped, pinched, pulled or twisted well below this radius during installation, rearrangement
and general handling. For example, jumpers stacked in storage troughs are difficult to access without moving adjacent fibers
and in some cases have been found to cause significant bend-induced losses even in an unperturbed state. Such inadvertent
additional losses if left in the system as well as temporary losses caused by handling of contiguous fiber paths in the LGX
fiber distribution frames can cause system problems for single wavelengths or many wavelengths in the C and L band. These
types of losses may result in complete system failure or BER hits. Indeed, such system effects have been observed and
reported by major network providers and standards groups.

Blue Tiger Advantage DWDM jumpers used in conjunction with OFS LGX fiber distribution frames
insures revenue protection in at least three ways. First is the design of the OFS LGX terminating shelves,
panels and connectors for maintenance of proper bend radii. Second, is a patented algorithm to determine the shortest, non-
blocking, slack storage (in the LGX frame) jumper path that eliminates stacked jumpers in troughs. Third is the minimum
impact to operating paths Blue Tiger Advantage DWDM low-bend sensitive jumpers allow. Although fiber stress levels
encountered at tight bend radii are higher than in standard practice, they are not large enough to significantly degrade the
expected lifetime performance’.

Furthermore, the Blue Tiger Advantage DWDM jumper’s low-bend sensitivity is more compatible with high-density

termination environments such as those enabled by use of small form factor connectors and compact splice trays. In these
environments, reduction of the connection packaging is the goal. As a result, the connection density not only increases but
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also the density of jumpers in the terminating shelves and frames. This increased jumper density also increases the
probability of moving and bending adjacent live fiber paths during jumper installation, rearrangement or removal.

For ease in identification, the Blue Tiger Advantage DWDM Jumpers and MiniCord® are color-coded which clearly
identifies the jumpers as High-Speed optical transmission system components. This allows for quick location of Blue Tiger
Advantage DWDM jumpers in the event that a connection needs to be located and rearranged. Such identification also
significantly minimizes the risk of connecting a low speed optical path to a high speed optical fiber. Blue Tiger Advantage
DWDM Jumpers and MiniCord are small form factor capable for high-density termination applications, using the OFS
OFS LC connector. The LC connectors utilize a tunable mechanism to achieve the lowest loss capability of any
small form factor connector available.

CONCLUSION

OFS Blue Tiger Advantage DWDM jumpers deliver the best solution for a robust end-to-end high-speed
and DWDM optical transmission system. Blue Tiger Advantage DWDM jumpers are a complement to any installed fiber
cable solution, whether conventional SMF or NZDF such as OFS TrueWave-RS optical fiber. Blue Tiger Advantage
DWDM jumpers are the best investment protection for the widest available optical spectrum. The Blue Tiger Advantage
DWDM jumper solution has been designed and developed specifically for long-haul communications applications with need
for the largest bandwidth capacity obtainable today.
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